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ORIGINAL ARTICLES
From the American Venous Forum
In the last part of the 18th century, the German
philosopher Georg W.F. Hegel proposed the con-
cept of the cyclical nature of history and emphasized
the corollary that man must learn from the past.
Hegel stated that “experience and history teaches us
this: that people and governments have learned
nothing from history nor acted on principals
deduced from it.”1 More than a century and a half
later, the late President John F. Kennedy furthered
the Hegelian concept of learning from the past.
Kennedy stated that “we have an obligation to learn
the lessons of history, if we don’t want to relive
them.”2 As we close this century and enter the mil-
lennium, it is apparent that the role and the treat-
ment of superficial venous disease and particularly of
incompetent perforating veins when combined with
deep venous reflux emphasize the circular or cyclical
nature of history forwarded by Hegel and Kennedy.
Simply stated, history tends to repeat itself. This
paper will review the role of surgery to the superfi-
cial venous system (saphenous and perforating veins)
in advanced chronic venous insufficiency (clinical
classes IV to VI; lipodermatosclerosis through
healed or open ulcer) and the apparent cyclical
increase and decrease in the use of superficial venous
surgery. Particular attention will be paid to the rela-
tionship of both anatomy and pathophysiology to
surgery. The relative interplay between investigators
from the United Kingdom and Europe and their
counterparts in the United States will also be empha-
sized. The treatment of venous ulcer, or as Arnoldi
termed it “ulcus cruris venosum—crux medicorum?
(translated as: chronic venous ulcer—a cross to
bear?), has continued to thwart the best efforts of
physicians in solving this problem.”3
THE EARLY YEARS
Although varicosities associated with the greater
and lesser saphenous systems have been described
since antiquity, the first extensive description of com-
municating or perforating veins in the lower leg was
by Von Loder,4 a Russian anatomist. In 1803, he
accurately drew and described calf perforating veins.
In his Lettsomian Lectures a half century later, John
Gay provided one of the first accurate descriptions of
ankle perforating veins in a clinical situation.5 In his
drawing that accompanied the clinical presentation of
a 56-year-old man with venous ulcer, Gay described
quite clearly the posterior arch vein and three com-
municating veins. In his line drawings, Gay also
demonstrated post-thrombotic damage to the deep
veins with thrombi present. In addition, Gay clearly
recognized the difference between varicose and
venous ulcers. Although Trendelenberg6 developed
an operation to ablate long saphenous vein reflux in
1891, it was Keller7 and Mayo8 who provided the
instrumentation for stripping the greater saphenous
vein 15 and 16 years later. In 1907, Babcock9 intro-
duced the intraluminal stripper, which survives today
in a modified form as the principal technique for the
treatment of varicose veins.
John Homans contributed substantially to our
fundamental understanding of chronic venous
insufficiency. In his two seminal papers that were
published sequentially in 191610 and 1917,11
Homans clearly defined our modern concepts of
venous physiology. He called attention to the struc-
tural liabilities of the superficial system and empha-
sized the critical role of valve competence in the
prevention of reflux. Moreover, he accurately
described the current pathophysiology of perforat-
ing veins. Homans devised the following classifica-
tion of venous ulcers: (1) varicose ulcers that ride
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on veins, “secondary to impure and stagnant blood
from the varicosities,” and (2) postphlebitic ulcers
that are the result of destruction of deep and super-
ficial vein valves coupled with incompetent perforat-
ing veins.11 He also developed surgical procedures
to cure the ulcer: “in surface varix complicated by
varicosity of the perforating veins not only must the
great saphenous be eradicated but many of its
branches in the calf must be followed and excised in
the search for incompetent perforating channels”.10
His operation for perforating veins was based on the
development of deep thick flaps that were turned
back and “the varicose perforating vessels…(never
more than three)…are tied beneath this deep fas-
cia.”10 The ulcer along with the fatty liposclerotic
tissue was excised, and a split thickness skin graft
then was applied.
Homans’ influence was manifest in Robert
Linton’s approach to incompetent perforating veins.11
Homans was a visiting surgeon on the chief resident’s
service at the Massachusetts General Hospital and
obviously transmitted some of his concepts to Linton.
Linton appreciated the anatomic work of Von Loder,
and he included these drawings in his classic 1938
paper “The communicating veins of the lower leg and
the operative technique for their ligation.”12 Linton
delineated further the anatomy of perforating veins
in dissections of 10 cadaver legs and in a series of 50
procedures for ligation of the communicating veins.
Although Linton’s surgical approach was based on a
“flap” operation that had been performed for years
at the Massachusetts General Hospital, he believed
that that curved incision of the flap procedure led to
flap necrosis with an attendant high incidence of
cutaneous complications. Therefore, Linton devel-
oped a direct approach to the perforating veins with
vertical medial, anterior, and lateral incisions. He
subsequently would limit his three incisions to one
vertical incision that was carried posterior to the
medial malleolus.13 Linton’s understanding of the
anatomy and its relation to the pathophysiology
allowed surgeons to take a direct surgical approach
to incompetent perforating veins to prevent the
abnormal transmission of pressure from the deep to
the superficial veins. The decrease in the ambulato-
ry hypertension would help to heal venous ulcers.
This was a clear example of the knowledge of anato-
my and pathophysiology driving the use of a surgical
procedure.
Sherman’s anatomic dissection of 73 cadaver legs
and his 703 operations extended the knowledge of
perforating vein anatomy.14 He described the sites of
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Fig 1. After development of open surgical approach to ligation of incompetent perforating
veins (ICVP) by Linton and then subsequent modification in England by Cockett, surgery for
ICVPs increased in frequency. The high ulcer recurrence rate after surgical interruption of
ICPVs associated with deep venous incompetence, which was described by many groups, such
as Saint Thomas’ Hospital Unit, and lack of hemodynamic benefit demonstrated by Bjordal
were associated with decreased use of surgical approach. Availability of deep venous recon-
struction and re-emphasis on nonsurgical treatment of venous ulcer led to decreased frequen-
cy of this surgery. Finally, availability of minimally invasive approach for ligation of ICPV pio-
neered by Hauer resulted in resurgence of this surgery.
five perforating veins on the medial aspect of the leg
and their frequency of incompetence. Although he
preferred a short incision over the perforating veins
rather than Linton’s long vertical incision, Sherman
emphasized that perforating veins should be ligated
subfascially to avoid missing one of the branches of
the perforating veins that might escape detection if
ligated extrafascially.
As a senior lecturer at St Thomas’ Hospital,
Cockett used both anatomic dissections and obser-
vations at surgery, as did the preceding investigators,
but he added venographic studies to delineate the
relationship between venous ulcers and incompetent
perforating veins.15 Cockett emphasized the role of
three large perforating veins in the medial calf and
proposed the “blow out theory”: “the hypothesis is
advanced that an ulcer is the end result of a local rise
in venous pressure over this area”.15 Cockett used a
vertical incision on the medial calf, as did Linton,
but preferred to ligate the incompetent perforating
vein extrafascially except when dense sclerotic sub-
cutaneous tissue was present. Dodd, who later was
to author with Cockett one of the most influential
texts on the surgical treatment of venous disease,
described his results with 174 cases of which 63%
had ulcer.16,17 All the patients underwent subfascial
ligation of the perforating veins of the leg. Dodd
abandoned Cockett’s extrafascial approach for the
subfascial approach because of a significant incidence
of wound complications with the former approach
encountered early in his surgical experience. Dodd’s
experience with ulcer healing and prevention of
ulcer recurrence was excellent.
Richard Warren, a descendant of Joseph Warren,
a surgeon and military leader who was fatally shot
through the eye at the Battle of Breed’s Hill during
the American Revolution, introduced physiologic
measurements for the assessment of chronic venous
insufficiency and their alterations by surgery.18
Warren measured venous pressure in the calf branch
of the saphenous vein in 102 legs both at rest and
while walking. He showed that ambulatory pressure
was high in patients with saphenous incompetence
during walking and that this could be corrected with
tourniquet compression. In contrast, in 12 limbs
with postphlebitic changes, ambulatory hyperten-
sion did not decrease, but rather venous pressure
increased in several patients. Parenthetically, it
should be noted that Warren was the first to recom-
mend vein valve transplantation for deep venous dis-
ease: “free transplantation of healthy valve veins
from else where the body must be considered.”19
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Fig 2. Causes of deep venous valvular incompetence: (1) Post-thrombotic syndrome. Post-
thrombotic changes in the deep venous system are characterized by recanalization and collat-
eral vessel formation. The latter implies potential obstructive component; (2) Although pri-
mary valvular incompetence is thought to be the sole cause of nonthrombotic deep venous
reflux, volume overload of deep venous system from capacious and varicose superficial system
can lead to deep venous dilation with relative valve incompetence.
Finally, Linton’s magnum opus on post-throm-
botic ulceration that was presented to the American
Surgical Association in 1953 was to further influence
surgeons on their approach to venous ulceration dur-
ing the next two decades.13 Linton called attention
to the role of reflux through incompetent valves in
the deep system, which, in concert with incompetent
perforating veins, produced ambulatory hyperten-
sion. Frustrated with the results of ligation of incom-
petent perforating veins alone for ulcers in patients
with deep venous reflux, Linton advocated ligation of
the superficial femoral vein as a method for the pre-
vention of deep venous reflux. Ligation was coupled
with the radical removal of all abnormally dilated
superficial veins, including the greater and lesser
saphenae, with the interruption of the incompetent
perforating veins, and with the resection of the area
around the ulcer, including fascia. Interestingly
enough, no data were presented to justify this
approach. The work of Linton would influence
American surgeons toward a surgical approach to
incompetent perforating veins for the eradication of
venous ulcer, and Dodd and Cockett would have a
similar influence in the United Kingdom and the
Continent. Series from several authors enthusiastical-
ly presented “excellent results” with sustained heal-
ing of venous ulcers.20-22 The adoption of the sub-
fascial ligation of incompetent perforating veins for
the “cure” of venous ulcer is best summarized in a
leading article in the British Medical Journal entitled
“The hidden perforating vein,”23 which recom-
mended that surgeons “occlude the incompetent
connecting vein between the superficial and deep sys-
tem and so restore the pressure and flow to normal.”
Ergo, the ulcer would be cured and remain so. There
was an enthusiastic adoption of this surgical approach
with the resultant increased use of perforator surgery.
DOUBTING SAINT THOMAS
Although there was widespread use of subfascial
ligation by many surgeons, other investigators noted
an appreciable ulcer recurrence in certain limbs.
Saint Thomas the apostle was perhaps the first pro-
ponent of evidence-based medicine. He would not
believe that Christ had risen from the dead on the
basis of hearsay and stated “unless I see in his hands
the print of the nails and place my finger in the mark
of the nails and place my hand in his side, I will not
believe.”24 This skeptical approach was embodied in
a philosophic movement during the Middle Ages
called “Thomistic philosophy” with the credo
“dubito ergo sum” (translated as: I doubt therefore
I am).25 The French philosopher Rene Descartes
also adopted this questioning approach.26 As a
young American post-surgical resident trainee, I was
exposed to this questioning scientific method on a
surgical unit appropriately situated at Saint Thomas’
Hospital in London. The probing and critical ques-
tions of the young professor of Vascular Surgery,
Norman Browse, prompted a retrospective review of
the experience at Saint Thomas’ with subfascial liga-
tion of incompetent perforating veins for class V/VI
chronic venous insufficiency.27 Forty-one patients
who had undergone ligation of incompetent perfo-
rating veins through a medial vertical calf incision
and who had undergone preoperative ascending
phlebography were retrospectively divided into
those with a healthy deep system (n = 17 limbs) and
those with changes in the deep veins consistent with
post-thrombotic damage (n = 23 limbs). During a 5-
year period, one ulcer recurred in the limbs with a
healthy deep system, and all 23 limbs with an abnor-
mal deep system had an ulcer recurrence. This paper
emphasized the need to define anatomically the sta-
tus of the deep venous system and avoid declaring
limbs post-thrombotic or not on the basis of clinical
history alone. It also showed the relevance of deep
venous anatomy and the implied physiologic abnor-
malities to outcomes after perforator surgery.
In a subsequent prospective study, 109 limbs
underwent: (1) clinical classification with physical
examination, (2) anatomic description of the superfi-
cial and deep venous system by means of ascending
phlebography, and (3) assessment of hemodynamic
or physiologic status with preoperative ambulatory
venous pressure measurements.28 This categorization
of patients follows closely our present CEAPS classi-
fication.29 Of the four groups, the first two groups
underwent ligation and stripping for greater saphe-
nous incompetence alone (n = 21 limbs). The second
group with a phlebographically healthy deep system
underwent subfascial ligation of incompetent perfo-
rating veins (n = 11 limbs), and a third group with a
healthy deep system underwent ligation and strip-
ping of the greater saphenous and subfascial ligation
for combined greater saphenous and incompetent
perforating veins (n = 37 limbs). And finally, 40 limbs
with classic post-thrombotic changes in the deep
venous system underwent subfascial ligation. These
four patients groups were compared with 38 healthy
limbs that underwent ambulatory venous pressure
measurements. The two groups who had undergone
ligation and stripping of the greater saphenous 
system either alone or in combination with the liga-
tion of incompetent perforating veins had their post-
operative ambulatory venous pressure normalized.
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Although there was an improvement in the 11 limbs
with a healthy deep system that underwent subfascial
ligation of incompetent perforating veins alone, the
postoperative ambulatory pressure failed to return to
normal levels. After subfascial ligation, the group of
40 post-thrombotic limbs showed the least improve-
ment in ambulatory venous pressure, which was well
below normal levels. Thus, our two papers cast doubt
on the beneficial effects of subfascial vein ligation in
limbs with post-thrombotic changes in the deep
veins.
The studies by Bjordal30 in Scandinavia appeared
to corroborate this impression and called in to ques-
tion whether the ligation of incompetent perforating
veins alone even with a healthy deep system led to
hemodynamic improvement. Bjordal carried out
direct venous pressure studies and flow measure-
ments with an electromagnetic flow probe placed on
both the greater saphenous and the perforating
veins. With the occlusion sequentially of the greater
saphenous or the large incompetent perforating
vein, Bjordal showed that ambulatory hypertension
was only normalized when reflux via the greater
saphenous was abolished. The abnormal pressure
was not brought back to normal levels with the
occlusion of the incompetent perforating vein alone.
Most importantly, in those limbs with post-throm-
botic deep venous systems, the occlusion of either
the saphenous or the perforator normalized elevated
ambulatory venous pressures. Bjordal concluded
“the pressure observation reveals that in a patient
with impaired deep venous pump of the calf, ambu-
latory hypertension persists after our current surgical
procedures on the dilated perforator or on the
saphenous system”.31 These physiologic papers cast
doubt that hemodynamics would improve in such
limbs and questioned the clinical value of perforator
interruption in limbs with deep venous involvement.
These findings and the appreciable incidence of
wound complications were associated with a
decrease in the popularity of this surgical approach
to the post-thrombotic limb.
THE DEVELOPMENT OF THE MINIMAL-
LY INVASIVE APPROACH TO SUBFASCIAL
LIGATION OF INCOMPETENT PERFO-
RATING VEINS
Into the mid 1980s, several authors showed low
failure rates for subfascial ligation of incompetent
perforating veins that ranged from 10% to 25%,32-34
but other authors experienced higher failure rates.
Bowen35 noted a 34% failure rate, we noted a 55%
failure rate,27 and Johnson et al,36 working in a vet-
erans population, noted a 51% failure rate, all of
which questioned the efficacy of this procedure.
Moreover, the long medial calf incision was associat-
ed with an appreciable incidence of wound compli-
cations, which prompted surgeons to develop alter-
native types of incisions. Felder et al37 placed the
incision along the posterior aspect of the calf as a
posterior “stocking seam” incision that was later to
be adopted by Rob38 in the East and by Lim et al39
on the West Coast. Dodd16 earlier had moved his
incision site to the posteromedial aspect of the calf
to avoid the poor quality skin anteromedially. In
1966, DePalma40 used a bipedicled flap with multi-
ple incisions along Langer’s lines to avoid traversing
damaged skin. All the authors appreciated the origi-
nal observation of Cockett and Elgan Jones: “there
is a natural reluctance to operate on an area of the
leg which is infected, indurated, edematous and
which has poor healing power”.15 The British sur-
geon Edwards41 developed a phlebotome from a
neurosurgical instrument. This device could be
passed into the subfascial space at a more proximal
site in the area of good tissue and passed distally to
shear off incompetent perforating veins beneath the
ulcer and surrounding compromised tissue. Pressure
then was applied to reduce the bleeding. Obviously,
the blind approach bothered some surgeons because
of the proximity of both the posterior tibial artery
and a nerve just beneath the lamina profunda to the
subfascial space. In the United States, this approach
was advocated by DePalma.42 Other surgeons,
including ourselves, tried laryngoscopes or lighted
retractors, which were used in breast augmentation
surgery to directly ligate the incompetent perforat-
ing veins with conventional instruments through an
incision made more proximally in good tissue.
Hauer was the first to apply endoscopic methods
to the ligation of incompetent perforating veins.43 In
his important paper published in 1985, Hauer intro-
duced the minimally invasive approach “to gain opti-
mal access to the subfascial region from a healthy area
in order to be able to ligate, coagulate or clip the per-
forating veins.”43 Subsequently, this technique was
adopted by Fisher44 and other European sur-
geons.45,46 Both techniques used endoscopic visual-
ization or light source, such as a bronchoscope or
mediastinoscope. Later, a single light source with a
working port would be developed for this procedure.
Conventional instrumentation was used through the
working port. Some investigators have found the
limited visualization and narrow surgical field a chal-
lenge. In 1990, provoked by a prescient and rhetori-
cal question by Charles Rob,47 “is there a role for
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laparoscopic surgery in vascular disease,” during his
lunch time address at the 17th Annual Montefiore
Vascular Symposium, I believed that an ideal applica-
tion for the laparascopic technique in vascular
surgery was its application to the ligation of incom-
petent perforating veins. We then developed a proce-
dure, which was presented at the next Montefiore
Symposium in 1991,48 that used standard laparo-
scopic technique: a laparoscopic source for visualiza-
tion of the perforating veins and a working port
through which laparoscopic surgical equipment for
dissection and for clipping/division of the incompe-
tent perforating veins could be passed. In our initial
descriptions of the technique, Ringer’s lactate was
used to distend the subfascial space because of the
fear of air (CO2) embolus from the subfascial space,
used in the conventional laparascopic technique.49,50
The Australian surgeon Conrad51 and the Mayo
Clinic’s Glovickzi et al52 both suggested CO2 insuf-
flation, but it was Glovickzi and colleagues who pop-
ularized the tourniquet and CO2 approach used by
many surgeons in the United States today.
Laproscopic subfascial ligation allowed skin
incisions to be made distant and above the “under-
privileged tissue” and provided direct visualization
of the perforating veins. Perforator surgery could
now become an ambulatory procedure with mini-
mal morbidity, and it accomplished the goals of
perforator surgery: (1) interruption of abnormal
perforating veins, and (2) avoidance of tissue dam-
age. The use of subfascial endoscopic perforator
surgery (SEPS) has exploded and is an excellent
example of new technology that drives the use of a
surgical procedure.
Unfortunately, the widespread adoption of
SEPS has not always been accompanied by objective
and complete presentation of the results in the lit-
erature. In the summary presented in Table I, only
two of 15 studies included sufficient data to com-
plete the new CEAP classification system recom-
mended by the Society for Vascular Surgery and the
International Society for Cardiovascular Surgery,
North American Chapter. Only components of the
CEAP classification system, such as clinical, etiolo-
gy, anatomy, and physiology, were available in most
of the studies.29 For that reason, the North
American SEPS registry of Gloviczki et al53 assumes
major importance. The registry reported 148 pro-
cedures performed in 17 centers throughout the
United States and Canada, including our own, and
showed that SEPS was safe—no mortality with a
low morbidity. SEPS was associated with a rapid and
high incidence of ulcer healing in class VI limbs.
Wound complications were minimal and approxi-
mated 6% in that series, which was comparable with
our own experience in 36 limbs (Table I). Pierik et
al54 validated the concept that the SEPS approach
reduced wound morbidity in a prospective random-
ized study in which no wound complications were
encountered in the 20 limbs that underwent treat-
ment with SEPS but in which a 53% incidence
occurred in the limbs that underwent standard
open subfascial vein ligation.
SHOULD RESULTS WITH A NEW TECH-
NIQUE BE DIFFERENT THAN OUR PAST
EXPERIENCES?
The rise in the popularity of SEPS refocuses
attention on the pathophysiologic questions that
were posed in the 1970s. Although subfascial liga-
tion of incompetent perforating veins is performed
now with a minimally invasive technique, should the
fundamental hemodynamic results, and therefore
the clinical results, with perforator ligation be any
different than those results with the older open tech-
nique? This is particularly relevant in light of the
known learning curve with SEPS and the failure of
many series to report in their methods sections the
importance of performing a fasciotomy of the lami-
na profunda to enter the deep posterior compart-
ment (Table I). Although the period of the 1980s
saw several centers, including our own, advocate
deep venous reconstructive procedures for patients
with primary valvular incompetence (PVI) or post-
thrombotic changes of the deep system, only a high-
ly selected group of such patients, which numbers
less than 500, is reported in the literature.55
The adoption of a surgical strategy that corrects
the abnormal superficial venous system alone (saphe-
nous veins and perforators) in the face of deep
venous reflux requires that the therapeutic outcomes
of such a strategy be judged with objective criteria.
The improved clinical status of a limb as defined by
ulcer healing and by lack of ulcer recurrence, espe-
cially when expressed in a life table format, clearly is
an objective outcome measurement.56 Ulcer recur-
rence, however, requires a significant length of fol-
low-up time, so that the normalization of hemody-
namics may provide an earlier prediction of long-
term clinical results. Moreover, the results of
superficial venous system surgery in patients with
venous ulcer will depend on the proportion of com-
bined superficial and deep venous system involve-
ment in the population. Table II presents data
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derived from seven series in which either ascending
phlebography or duplex ultrasound scanning detailed
the anatomic and physiologic status of the deep and
superficial systems. Although Sethia and Darke57
emphasized the important role of superficial venous
incompetence alone in class V/VI disease, the great
proportion of studies in the literature show that
approximately 50% of these 704 limbs have deep
venous reflux alone or combined with superficial
venous incompetence.58-63
Table III summarizes the results in the literature
in which the CEAP classification could be applied to
the long-term follow-up of limbs after superficial
venous surgery. The results after ligation and strip-
ping combined with interruption of incompetent
perforating veins show an approximately 50% overall
ulcer recurrence rate. In addition, the results from
the North American SEPS registry suggest a signifi-
cant difference in ulcer recurrence rate dependent
on the type of deep venous disease: ulcer recurrence
JOURNAL OF VASCULAR SURGERY
Volume 30, Number 5 O’Donnell 781
Table I. Subfascial endoscopic perforator surgery: comparison of various series (n = 590 limbs)
NA-SEPS53 Compilation (meta analysis)45,46,76-82
Year 1997 1991 to 1999 (12 series)
No. of limbs 155 435
CEAP (proportion with complete data) All
Clinical characteristics
Deep venous reflux (%) 63 61
PTS (%) 29 —
Male:female ratio 1.21 0.74
C5,6 (ulcer; %) 85 51
Technique
Endoscopic (%) 43 77
Laparoscopic (%) 57 23
Thigh tourniquet (%) 72 74
CO2 insufflation (%) 50 35
Deep post-Cpt fasciotomy (%) 72 22 (described in only three series)
Preoperative diagnosis % duplex scan 71 73
Concomitant L & S (%) 68 70
ICPVs interrupted (number) 3.8 3.5
Length of stay (days) 2.1 2.7 (1 to 6)
Mortality (%) 0 0
Morbidity (%)
DVT 0 0.1
PE 0 0
Wound 5 6.2
Hematoma — 3.4
Nerve 6.5 7.8
Ulcer healing (%) - initial 88 90
NA-SEPS, North American Subfascial Endoscopic Perforator Surgery Registry; PTS, post-thrombotic syndrome; Cpt, compartment; L
& S, ligation and stripping; ICPV, incompetent perforating veins; DVT, deep venous thrombosis; PE, pulmonary embolism.
Table II. Comparison of the level of system involvement in venous ulcer (C5,6; n = 704 limbs)
Reflux (%)
Series No. of cases Year Superficial Deep Combined Popliteal
Sethia and Darke57 100 1985 35 11 41 46
Hanrahan et al58 95 1991 36 6 44 —
Shami et al59 59 1993 53 15 32 —
Van Rij et al60 120 1994 72 9 19 —
Myers et al61 96 1995 38 8 48 —
Labropoulos et al62 120 1996 38 6 53 —
Welch et al63 114 1996 23 23 37 61
Overall 704 1999 42 11 40 —
for post-thrombotic limbs (46%) is twice that associ-
ated with PVI at 2 years (20%).64
DOES ABLATION OF SUPERFICIAL
VENOUS REFLUX IMPROVE DEEP
VENOUS HEMODYNAMICS?
Our earlier studies showed that ambulatory
venous pressure did not normalize in limbs with
typical post-thrombotic changes on ascending phle-
bography.28 Several additional studies also have
shown no improvement in hemodynamics after
superficial venous ablation in these limbs (Table
IV). Stacey et al65 reported that the expelled vol-
ume as measured by means of foot volume plethys-
mography did not increase in a series of limbs that
underwent treatment with ligation and stripping
combined with subfascial ligation. In limbs with
ulcer recurrence, Bradbury et al66 observed similar
hemodynamic findings (Table IV). All of these
studies, however, present a dilemma: saphenectomy
was combined with subfascial ligation of incompe-
tent perforating veins. Thus, it is difficult to detail
which component was responsible for either the
hemodynamic improvement or the prevention of
ulcer recurrence. Fortunately, there are three stud-
ies in the literature that focus on the hemodynamic
changes after the ligation of incompetent perforat-
ing veins alone. In our 11 limbs with healthy deep
venous systems that underwent treatment with
open subfascial ligation, there was a slight improve-
ment in the drop in ambulatory pressures, but not
to normal control levels.28 In addition, the group of
40 limbs with post-thrombotic changes failed to
achieve normal levels. In 27 limbs with deep venous
reflux, 60% of which were post thrombotic,
Akesson et al67 showed persistence of the ambula-
tory venous hypertension with venous pressure
measurement. Similarly, in the seven limbs with
documented post-thrombotic changes that under-
went SEPS, Rhodes et al68 noted no improvement
in the refill rate as measured with strain gauge
plethysmography.
DO THE VARIOUS TYPES OF DEEP
VENOUS REFLUX RESPOND TO SUPERFI-
CIAL VENOUS SURGERY IN A SIMILAR
MANNER?
Several recent papers suggest that superficial
venous ablation, however, can improve deep venous
reflux. Walsh et al69 showed that reflux in the super-
ficial femoral vein as shown before surgery with
duplex scan valve closure times was absent after lig-
ation and stripping in 27 of 29 limbs. Only 14% of
these limbs, however, were class III, now class
V/VI. No limb showed post-thrombotic changes in
the deep veins with duplex scanning. An equally
provocative paper by Padberg et al70 revealed hemo-
dynamic improvement after superficial venous abla-
tion in 11 limbs with venous ulcer. All the limbs had
PVI of the deep system but no tibial vein incompe-
tence. Approximately one half of the limbs had a
competent popliteal vein valve. After ligation and
stripping accompanied by SEPS, all 11 limbs had
their ulcers healed, and postoperative reflux was
absent in nearly a third of these limbs. Most remark-
ably, the venous filling index, ejection fraction, and
residual volume fraction as measured by means of air
plethysmography normalized (Table IV). Previously,
we observed similar changes after superficial venous
ablation in 11 limbs with ulcers and proximal reflux
in the superficial femoral vein as detailed with
descending phlebography and continuous wave
Doppler scanning.71 In a series of 60 limbs with
superficial venous reflux as the result of PVI, with
only 20% in class V/VI, Simonian72 observed a cor-
rection of deep venous reflux after superficial venous
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Table III. Ulcer recurrence after subfascial ligation of incompetent perforating veins with or without
saphenectomy for combined superficial and deep system reflux
Series No of limbs Year Mean follow-up period (months) Recurrence (%)
Burnand et al27 23 1976 48 100
Akesson et al67 30 1993 41 30
35
AVP, >60 mm Hg
Bradbury et al66 12 1993 66 50*
Gloviczki et al64 52 1999 24 20 PVI
46 PTS
AVP, Ambulatory venous pressure; PVI, primary valvular incompetence; PTS, post-thrombotic syndrome.
*All popliteal reflux.
ablation. Obviously, the widespread application of
duplex scan assessment to patients with chronic
venous disease provides interesting new information,
much as duplex scanning has in its application to
carotid disease. These previously described studies
suggest a difference in both hemodynamic and clin-
ical responses to superficial venous ablation between
patients with PVI and those with post-thrombotic
syndrome. Rhodes et al68 demonstrated this clearly
in their study that compared hemodynamic changes
as assessed with strain gauge plethysmography.
Patients with PVI had hemodynamic improvement,
and no improvement was observed in those limbs
with post-thrombotic deep venous changes.
SUGGESTED REVISED CLASSIFICATION
OF THE ETIOLOGY OF DEEP VENOUS
INCOMPETENCE
Traditionally, deep venous valvular incompetence
has been classified as post thrombotic or PVI. The
data presented previously suggest that a sub catego-
rization of the PVI group is needed. PVI should be
subdivided into: (1) limbs with true PVI as described
initially by Bauer73 and then by Kistner,74 and (2)
limbs with relative or secondary PVI. In the former,
PVI is caused by the degeneration of the elastic com-
ponents of the vein valves, which results in floppy
valves. This type of PVI should be distinguished from
the relative deep venous valve incompetence that is
caused by an increased diameter or the dilation of the
deep veins as the result of volume overload. In this lat-
ter situation, the deep vein valves fail to close because
of the increased diameter or the dilation of the deep
veins, similar to relative mitral valve insufficiency.
Although this would appear to be a new concept, it is
not. This finding emphasizes the major theme of this
paper: history is cyclical. In 1969, Eiriksson75
described the involvement of the deep system in limbs
with primary varicose veins. By means of plethysmo-
graphic and venographic studies, they showed dilation
of the deep veins. Bjordal30 in a subsequent publica-
tion cited Eiriksson’s findings and provided evidence
of his own that the deep system can be involved in
patients with primary varicose veins, which results in
incompetence: “the leg muscle pump during ambula-
tion not only has to transport centrally the normal
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Table IV. The hemodynamic effect of superficial venous system ablation in limbs with deep venous system
disease
No. Surgical
Deep venous reflux
Series of limbs Year C5-6 (%) DVI (%) procedure Method Before surgery (%) After surgery (%)
Stacey et al65 1988 100 100 L & S, Foot volume
SFL plethysmography
(expelled vol) PA = TH
Bradbury et al66 9 1993 100 11 0.8 1.0
Rhodes et al68 22 1999 100 PVI L & S, Refill rate 12.6 5.16
SFL with SEPS
Rhodes et al68 7 1999 100 PTS L & S, SFL Refill rate 10.2 8.0
SFL with SEPS
ICPV alone
Burnand et al28 40 1976 100 100 SFL Asc phleb/ 17 30
AVP % drop pressure
Akesson et al67 60 40*, SFL Duplex scan AVP 69 72
60
Rhodes et al68 7 1999 100 SFL SGP refill rate 34 49
O’Donnell et al71 11 1983 100 36* L & S, CWD, Desc phleb 36 0
SFL
Walsh et al69 29 1994 14 100* L & S Duplex scan 100 10
Padberg et al70 11 1996 100* L & S, Duplex scan 100 73
SFL
Simonian72 60 1999 20 100* L & S, Duplex scan 100 0.5
SFL
DVI, Deep venous incompetence; L & S, ligation and stripping; SFL, subfascial ligation; PVI, primary valvular incompetence; SEPS, sub-
fascial endoscopic perforator surgery; ICPV, incompetent perforating veins; PTS, post-thrombotic syndrome; Asc phleb, ascending phle-
bography; AVP, ambulatory venous pressure; SGP, strain guage plethysmography; CWD, continuous wave Doppler scan; Desc phleb,
descending.
*Primary valvular incompetence.
amount of venous blood supplied by arterial inflow,
but the retrograde saphenous flow as well.” Thus,
volume overload of the deep venous system develops
because of superficial blood flow refluxing into the
deep systems during the diastolic phase of the calf
muscle pump, which may cause relative or secondary
deep venous system reflux. Dilation of the deep veins
ensues, which prevents the deep vein valves from
coapting fully. Thus, this review shows the cyclical
nature of the treatment of superficial venous disease
and, in particular, incompetent perforating veins.
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